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We, Union Carbide Corporation, of 270 
Park Avenue, New York, State of New York, 
United States of America, a Corporation 
• crganiscd under the laws of the State of New 
5 ' York, United States of America, (Assignee of 
L. Walter Hafner and Ernst Otto Fischer), 
do hereby declare the invention, for which 
we pray that a patent may be g;ranted to us, 
s and the methocf by which it is to be per- 
10 formed, to be particularly described in and 
by the following statement: — 

This invention relates to a metal plating 
process. More particularly the invention re- 
lates to a process for utilizing volatile bis- 
15 (arcne)meial compounds as metal plating 
agents. 

Heretofore several processes have bectt sug- 
gKtcd_for.metal. plaung -by means of volatile 
metal-containing compounds. In general, 
20 these processes have been subject to contam- 
ination of the metal plate due to oxide or 
carbide fomation or the occlusion of undesir- 
able sold materiab in the metal plate. The 
nature of this contamination is discussed m 
25 more detail bercinbclow. 

In copending application No. 30087/56 
Serial No, 829574 there is described a pro- 
cess for the production of bis(aicnc)m£tal 
compounds by the reaction of an anhydrous 
nfc 30 transition clement salt, preferably a transition 
3* dement halide, with an aromatic compound 
^ having at least one isolated benzene ring sys- 
* *; tem or with an aryl-substituied benzene m 
the presence of an anhydrous aluminium 
35 halide and a reducing agent. 

According to the present invention, a pro- 
cess for depositing a substantially pure metal 
plate on a plaiable solid substrate comprises 
; contacting, by means of an inert oxygen-free 
. 40 carrier gas, a bis(aTene)mctal compound 
represented by the formula (Ar^M, whercm 
each Ar is an aromatic hydrocarbon contain- 
ing an isolated benzene ring or an aryl-subs- 
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tituted benzene and M is vanadium, niobium> 
tantalum, chromium, molybdenum or tung- 
sten, with platafcle solid substrate at a tem- 
perature above the decomposition tempera- 
ture of said bis(arene)metal compound while 
excluding oxygen and reactive oxygen-con- 
taining subsuncits. 

The bis(arene)naetal con»pounds useful in 
the process of xhis invention are those where- 
in the apcne organic groups are aromatic 
hydrocarbons containing an isolated benza« 
ring or are aryl-substitutcd benzenes. The 
nature of these arcne organic groups is dis- 
cussed in more detail hercinbclow. 

The compounds useful in this inventiwi 
may, from the i-oint of view of their organic 
part, be charaa<:ri2)ed as addition compounds 
in contrast to organo^mciallic substitution: 
compounds wharcin a hydrogen or other subs- 
tituent in the organic nucleus is substituted 
or removed in formatiori of an oxgano- 
mctallic compound. thus die compounds 
Tised in the present invention are to be dis- 
tinguished &o:ii those formed by the 
chemical bonding erf a cyclopcntad^yl 
radical with an element (Fischer and Piab, 
Zd't. fur Naturforschung, 7b, page 377, 
(1952)), and phenyl mercury compounds e.g.j 
phenyl mercuric acetate (U.S. Patent 
2,502,222). Fcrmation of such substitution 
compounds involves elimination of one hydros 
gen on the cyclopcntadiene or benzene 
nucleus. In tt« case of the compounds ^ 
the present invention the chemical union of 
the transition clement with the aromatic oomr 
pound does noi; involve elimination of hydro- 
gen or any otfier substiruent on the benzene 
nucleus. It nojiy, therefore, be regarded as an 
addition prodtice of the transition element 
with the aromatic organic molecule. Such 
addition of an aromatic compound to a tran- 
sition element is an unexpected charactcnsiic 
of aromatic aimpounds. 
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As employed in ±is application the term 
"isolated benzene ring system" means a ben- 
lene carbon ring per le and as contained in a 
fused ring compound containing a benzene 
carbon ring wherein, by the Kekule formula- 
tion, any double bond in a ring fused to such 
benzene carbon ring is removed from the ben- 
zene ring carbon atom nearest to its by at 
least two carbon atoms of the ring fused to 
the benzeac ring, and a compound having 
one or more aliphatic subsrituents on a bcm- 
zenc ring wherein any double bond external 
to the carbon ring is removed from the ben- 
zene ring carbon atom nearest to it by at 
least two carbon atoms external to such ben- 
zole carbon ring. Thus, benzene, aliphatic 
substituted benzenes, including alkyl subs- 
tituted benzenes and alkenyl substituted 
benzenes in which-doablc bonds-external to 
the benzene ring are separated therefrom by 
at least two carbon atoms, indanc, tctra- 
hydronaphihalene, 9,10 - dihydroanthracene, 
9,10 - dihydrophenanthrcnc and allyl benzene 
are examples of aromatic compounds contaitx- 
ing an isolated benzene ring system. By con- 
trast naphthalene, indcne, anthracene, phen- 
anthrene and styrenc arc examples of aromatic 
compounds which do not contain an isolated 
benzene ring. 
This difference in the isolated and not 
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isolated benzene rine systems may be ex- 
plained in terms of the characteristics of the 
two types of compounds with respea to their 
aromatic nature. The fusion of a benzene 
ring to another aromatic ring in conjugated 
relation thereto, or linkage of a ring carbon 
atom of a benzene ring to an unsaturated ali- 
phatic radical wherein the ring carbon is 
linked to^ an aliphatic carbon atom which in 
turn is linked by a double bond to another 
aliphatic carbon atpmj. may, be considered- as 
oncntihg the double bonds in th« benzene 
ring, thus producing a ring structure of less 
reactivity than is charaacristic of an isolated 
benzene ring and rendering the electrons in 
the double bonds of the benzene ring un^ 
available for reaction with the transition de- 
ment halides. This esscniial characteristic 
may also be explained upon energy considera- 
tions. T^ fusion of an aromatic ring ro the 
benzene ring in conjugated relation and the 
inclusion of an unsaturated aliphatic radical 
on the benzene ring with the unsaniration in 
the aliphatic constituent being in conjugated 
relation with double bonds m the benzene 
ring may be citosidexed as decreasing the 
energy and concommitanijy increasing the 
stability of the ring to such a point that the 
compounds useful in this invention cannot 
be prepared. 

A class of arenc hydrocarbons which do not 
contain ah isdaicd benzene ring, namely aryl- 
siibstituted benzenes, also form crgano- 
mecallic oompoimds useful in the present in- 
vention. Examples of such aryl-subistituted 



benzenes are polyphcnyls, alfcyl-subsrituted 
poh-phcnyls such as p - isopropyWipheny! 
and p , p» - diroethyldipheityi, penyiantb" 
raccne and i^nylphenanthrenc. 

Tbe compounds useful in the process ol 70 
this invention may be represented by tht 
forsHila : 

u • . <^>^ 
wherein Ai represents an organic hydrocar- 
bon compound which may be an aromatic 75 
hydjxx:arbon containing an isolated beozcne 
ring or an aryl-substitutcd: benzene, the 
organic compound being bound to a transi- 
tion element M, and M is vanadium, 
niobium, tantalum, chromium, molybdenum 80 
ox tungsten. 
M.orcover the metal complexes may have 

iiiixed _At_ substitucnts and consequoitly may 
have the formula: 

. (ArXAr")M 8f 

wnej-em the symbols arc the same as above 
except that Ar' is different from Ar. 

Tbe exact nature of the bond berwrcn the 
Ar f "Ortum of the molecule and the transition 
clement is unknown; however, it is known 90 
that the isolated benzene ririff or the benzene 
ring of the aryl-substituted benzene is com- 
plex<ul to the transition element. 

Our aforementioned copending application 
desciibcs the method for the production of 9* 
bis(arcnc)metal compounds suitable for use ic 
the present invention. In particular, 
detailed examples arc given showing the pre- 
paration of bis(benzene)chromium, bis(ben- 
zencjmolybdenum, bis(tetrahydronaphtha- 3W 
lcne>-chromium, bis(benzciie)vanadium!» bis- 
(iclu<:ne)chromium, bisCmcsitylene)chromium. 
bis(ha:amethylbcnzene)chromium, bis(ortho^ 
xylcnejchf omium, bis<mcta-xylenc)chTomium. - 
bis(piira-x:5^c)chromium, -bi^nzene)tung- ' 103 
sten, (benzene) (tctrabydronaphthalene)- 
chrornium, and bjs(diphenyl)chromiura. Other 
compounds useful in this invention and in- 
cluded in the formula (Ar)jM, such as bis- 
(benzcne)iiiobium, bis(benzenc) tantalum, bis- 110 
(diphenyl)moIybdcnum and ^ bis(cumene) 
chromium arc also prepared by this process. 

B«»adly stated the process of the msent 
invention comprises contacting an uncharged, 
volatile bis(arene)metal compound with a 115 
platablc solid substrate at a temperature 
above the decomposition temperature of the 
bis(armc)metal compound. In general this 
temp«:rature will be above ISO^'C. Tem- 
j>eratures considerably above the decomposi- 120 
tion temperature of the diarcnc metal com- 
pound, may be used and lempcratupes up to 
60O''C: are operable. The upper limit of 
operable temperatures for the process of this 
invention is determined the properties of 125 
the a::ene organic group. If the operating 
temperature is too high, the arenc oi^nic 
groiip will decompose to give carbon or poly- 
mcrizjiWe hydrocarbons such as ethylene and 
acctyf*:ne which may cause coBtamination of 130 
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tbe iBctal plariog. Thus> the lowet- operable 
temperature for tbe process is set by the de- 
composition temperature of the bis{areney 
metal compound and the upper operable tenc^ 

5 perattire limit is determined by tbe decom- 
po&kkM> (cracking) (empcrature of the arene 
Offganic part. 

The process of this invendoa must be 
carried out in substantially oxygen free sur- 

10 foundings. Oxygen may react with the 
diarene organic compound of other metal 
plate itself to form metal oxides which con- 
taminate the metal plate. Also, oxygen- 
containing substances which will react with 

15 the plating ooinpound or metal plate at tibe 
- c^rating texDpcrature inust also be substan- 
tially excluded. 

As pointed out hereinabove the process of 
the present invention applies to the bis- 

20 (aret)e)metal compounds of vandium, 
niobium, tantalum, chromium, molyfodcnimi 
and tungsten wherein the arene group is an 
aromatic hydrocarbon compound containing 
an isolated benzene ring, or an aryl-subs- 

25 titutcd benzene. There arc the transition de- 
ments which form neuual diarene metal com- 
pounds as opposed to those transition metal 
elements which form only salt-like compounds 
containing a diarene metal cation, for example, 

30 dirncsitylcnc iron dibromidc. The decom- 
position of the latter compounds may give a 
metal plate contaminated by occlusion of or 
reaction with elements ox moieties present in 
the anionic portion of the compound. 

35 Any platablc solid substrate which is ther- 
mally stable at the plating temperature may 
he u:cd in the process of the present inycn- 
. tion.- PlatabJe substrates includie "glass, glass 
clothe ceramics, plastics such as Nylon and 

40 Bakelite (a Registered Trade Mark), and a 
variety of metals such as copper, aluminum, 
stainless steel and silver. 

The process of the present invention, 
which employs volatile bis(arene)metal com- 

45 pounds^ is to be distinguished from pro- 
cesses employing other volatile metal-contain- 
ing compounds. The compotuids useful in 
the process of the present invention have the 
unique and important property of decom- 

50 pcsisg to give a subsuntiaily pure n^tal and 
a stable, volatile organic com|30und. It is 
the stable nature of tbe organic compound 
which makes possible the substanually pure 
and uncontaminated metal plates obtained by 

55 the process of this invention. In general, tbe 
volatile metal-containing compounds hereto- 
fore known contain some element <yr part 
which can cause contamination of the metal 
plate. For example, meul carbonyls such as 

60 chromium bexacarbonyl are volatJe. When 
the metal ^larbonyl is decomix>scdj however, 
carbon and oxj^gcn derived from- the carbon 
nMjnoxide which is released may react with 
the metal plate to form metal oaddcs or metal 

65 catbidee. As anctber example, dicyclopen- 



uidienyi compounds such as dicydopenu- 
dienyl iron are volatile. However, the cyclo- 
pentadienyi group vri^icb results from the 
decoflapQsition of such compounds is not a 
BtiaWe entity. The cyclopentadieoyl group 70 
polymerizes readily to form solid residues or 
decomposes to give carbon and polymerizable 
hydrocarbons. The resulting carbon and 
organic copolynKrs cause contamination of the 
metal plate. 75 

The contaa between the bis(arene)metal 
compounds and the pdatablc substrate is 
brou^t about by passing the vapors of the 
diarene ^etal compound pvc?. the substrate 
by means of a carrier gas which is oxygen- 80 
fj^ and which does not otherwise react with 
tlie metal plate or the diarene metal comr 
pound. Examples of suitable carrier gases 
a re argon, nitrogen, helium and hydrogen . 
^.tmospheric pressure is most convenient but 85 
higher or lower pressures may be used if 
desired. The amtacdng of the diarene metal 
osmpound with the platable substrate noay be 
continued until a plate of the desired thick- 
ness is obtained. 90 

The organ o-metal lie compounds of this in- 
vention nsay vary in heat stability but they 
may all be decomposed by the employment of 
t4:mperatures in excess of 400"C. Such 
tliennal decomposition of the compounds 95 
n^lts in formation of metallic mirrors com- 
prising a coating or film of the particular 
tiansition dement. Such metallic coatings 
acid films exhibit desirable and useful elec- 
oical conductance properties, furnish cox- 100 
rosion protection wMi^apjrficd to corrodible 
base inaterials and result also in striking 
decorative effects. Compounds of this in- 
vention may thus be deposited on ^ss, glass 
cloth, resin and other insulating sub^^ates, 105 
aid tbe resulting metal-coated material may 
be employed as strip coiKluctois and resistors 
for electrical purposes. The metals may be 
deposited by thermal decomposition in 
desired portions of the substrate to provide no 
tJie so-called printed electrical circuits. 
Similarly the metals nwy be plated on metal 
substrates, to enhance corrosion resistance and 
on glass cloth or asbestos to provide decora- 
tive metallic surfaces axKi desigpas thereoa 115 

In a preferred embodiment of the present 
invention bis(arene)metal compound^ are 
used in which the arene orgamc group is 
benzene or a lower alkyl-substituted benzene. 
Such pcefened compounds may be tcpcc* 120 
scntcd by the formulae RiCr, R«Mo, I^W, 
F.5V, RjNb and R»Ta wherein R is benzene 
or a lower alkyl-sustituted benzene. £x- 
aaiples of the preferred compounds ate bis- 
(l3cn2cnc)»andium, bis(toluene)vanadiura, 125 
bi^benzene)chromium, bis(toIuene)chromiiuD, 
bis(cumene)chroniium, bis(inesitylene)- 
chromium, bis(benzenc)rooIyt>denum, bis- 
(i:plucoc)mol>*denum, his(mesitylene)niolyb- 
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fcum, bis(cumcne)inal7bdcDuni, bisftcn. 
2cne)tungstcn and bis(toluene)nin2Sten 

pounds for chromium pJadng according to 
wJS^^u"*^ invention is a mixture of 
tJis(3C5l«5e)chromium compounds. The Dure 

« '<^^ temperaSre, 
bis^0Tthox3^^hromium melting at 
bi<meta.3oiene)chr<ymium melting at 34 to 

.f im-^ ^Kp!^-xyJenc)cIwmruni inelting 
at iio C. However, a mixture of these three 
isomiTs IS a liquid at room temperature. 

A pretcxred temperature for the process of 
thiB mvcnuon 15 a temperature 75 *C. above 
the decomposition tcmperatiirc of the bis- 
(arenc)mctal compound. This preferred 
tcraperaturc wiJl vary Jcom 20G**G. for bis- 
gwne)mo]ybdttium compounds up to 350 to 
4OTC for bis(arcne)chromium and bis- 
Carcnejvanadmm compounds. 
. When the substrate to be plated has rcla- 
uvdy low thermal stability, another preferred 
embodiment of this invention involves the 
use of bis(palyphcnyl)metal compounds 
which may be represented by the formula 
D^M wherein D js diphcny] or a lower alkvl- 
subscitutcd diphenyl and M is vanadium 
mobium, tantalum, chromium, molybdenum 
or tunpten Examples of such compounds 
are bis(diphenyI)chromi.um, bis(diphcnylV 
molybdenum, bis(dipheny])tungsten, bis- 
(diphenyi)vandiQm, bis(p-isopropyldiphenvlV 
^^'^"^ bis(p,p> - dimethyldipbenyl> 
molybdenum. In general, such bis-(diphenylV 
^t!^ ^P^pounds and bis(lower alkyUubsti- 
tutcd diphcnyl)mctal compounds decompose 
at lower temperatures than do the Ws(bcnl 
zenejmetal compounds or bis(alkyKsubsti- 
tuted benzcne)mctal compounds. - Thusy -the 
use of compounds such as bis(diphenylV 
chrommm is particularly advantageous whoi 
the substrate has relatively low thermal 
stabihty and the plating process must be 
c^d out at the lowest possible tempera- 

The following examples are iUustrauve of 
the plating ptoccss of the present invention. 



d«um nwtal plate formed on the inner walls 65 
of tlie glass niWng. 

Example n 
-Bis(diphenyl)molybdcnum is used to 
frT;'' f °«*'yWejium plate on glass accord- 
ing 10 the procedure of Example I except 70 
thatj, temperature of only 20O'»d is required 
to biing about rapid decomposition df the 
platmg compound 

Example in 
A three-foot section of Pytcx (a Rceis- 75 
t«ed Trade Mark) glass tubiTg flii i^h^^ 
djametcr was fitted with an inlet tube and 

inch iTibe was placed a porcelain boat con- 
tamintj one gram of bifirbcnrenc)chnKnium. 80 
in the downstream end was placed a graphite 
rod 2 inches long and 3/4 inches ia diimctcr 
rne downstream end was cndosed in a tube 
rarnao: and heated for one hour at 400°C 
Then the porcelain boat was removed into 85 
the heated zone. The bis(bcn2cneV 
chromium subhmcd into the argon stream 
and decomposed on the surface of the boat 
and on the pphitc rod. Both the porce- 
lain and graphite surfaces were coated with a 90 
shmy (Jiromium metal plate. 

Example IV 
Follcwmg the procedure of Example HL 
bJS{cunicne)chromJum is used to d^osit a 
chromium m«aJ plate on porcelam and 95 
grapniti;. 
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'Example I 

* A^^ree foot high length of Pyrcx (a Regis- 
tercd Trade Mark) glass tubing 25 mSui- 
meccrs in diameter was fitted with an inlet 
tube and an exit tube and argon was passed 
through ±e system. In the upstream end of 
2« 25 miUjmetcr tube was placed a quartz 
boat oomaming one gram of bisTtohicneV 
molybdenum. The downstream end of the 
tube was enclosed in a tube furnace and 
heated to 250*C The portion of the tube 
^SSToi^^ ^^^^ was beated to 

100 C. to vaporize the bis(toJucne)molyb- 
denum into the argon stream. As the 
stream of bis(toluenc)molybdenum in argon 
entered the zone heated to 250 ''Q rapid de- 
composition occurred and a shiny molyi>- 



WHAT WE CLAIM IS: — 
1. A process for depositing a substantially 
pure ncetal plate on a platable solid sub/ 
tnitc which comprise contacting by means 
of an inert oxygen-free carrier gas a bis- 
(arcne) metal compound represented by the 
tonnula (Ar),M, wherein each Ar is an 
aromadc hydrocarbon containing an isolated 
benzene rmg or an aryl-substitutcd benzene 
and ,M is vanadium, niobium, tantalum, 
chromium, molybdenum or tungsten, with a 
platable sohd substrate at a temperature 
above tlie decomposition temperature of said 
tos(aren<0 metal compound while excluding 
taS^^ reactive oxygen-containing suh»- 

2. A process as daimed in Claim L in 
which v:ipors of the bis(arene> metal com- 
pound are contaaed with the substrate under 
atmosphtmc pressure, 

^ 3. A i)roces8 as claimed in Qaim 1 or 2 
m which the inert carrier gas is airon, nitro-' 
goi, hell jm or hydrogen. 

4. A process as claimed in any of the pre- 
ceding clauns, in which the operatimr «m- 
perarure is 75 °C. higher than the decom- 
position temperature of die bis(apcne) metal 
oompouniL ' 

5, A pj-ocess as claimed in any ^ the pre- 
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ceding claims, in which the bis(arciic)metal 
compound is a bis(arene)chromium com- 
pound. 

6. A process as claimed in claim 5, in 
which the bis(arene)chromium compound is 
bis(cumene)chromium, bis(bea2€nc)cnromium; 
or a mirture comprising bis(ortho-xylcnc)- 
chromium, bis{meta-xykne)chiomium and 
bi s(paTa-xylene)chromium, 

7. A process as claimed in any of claims 1 
to 4, in which the bi9(aicnc)mctal compcrund 
is a bis(arene)molybdeniim compound. 

8. A process as claimed in claim 7, in 
which the bis(atene)mo]ybdenum compound 
is bjs(toluene)molybdeniim_ or bis(diphcn3^)- 
m<rfybdenumr 

9. A process as claimed in any of daims 1 
to 4, in which the bis(arenc)metal compound 
is a bis(arene)vanadium compound. 

10. A process as claimed in claim 9, in 



whii± the bis(arene)metal compound is bis- 
(toluene)vanadium. 

11. A process as claimed in any of claims 1 
to 4, in which the bi5(arene)metal c<mipound 
is a bis(arene)tungsteii compound. 

1:2. A process as claimed in claim 11> in 
whi:h the bis(arene)timgste3i compound is 
bisCxnzcne)ningsten. 

13. A process for depositing a substantially 
puT'^ tnetal plate on a platable solid substrate 
substantially as bcicinbefore described with 
reference to and as illustrated in any of the 
Examples. 

14. A substannally pure metal plate when- 
cvci produced by the process described in any 
of the preceding daims. 

W, R THOMPSON & CO., 
12, Church Street, Liverpool, 1» 
Chartered Patent Agents. 
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